Objective: We report the effect of an electronic alerting system that uses multiple data sources and requires minimal user interaction on doctors' behaviour in Intensive Care. Design: Observational study. Setting: University Hospital ICU. Participants: Medical staff. Intervention: Interview of medical staff, commenting on computerised expert system alerts generated without user prompting. Results: 289 alerts were generated from a list of 11 different alerts on 25 days during eight weeks. Overall, 29.06% of the alerts were considered useful. These alerts pertained to 41 of the 225 ICU patients involved (18.22%). They generated management changes in 84 of the 713 patient-days involved (11.78%). Conclusions: For minimal user-effort, this system generated one or more management changes in around one-fifth of patients at a ratio of one management change for every ten patient-days.
Introduction
The human brain is not very good at performing without error. Complex scenarios can be learned and rehearsed, but performance decays if tasks are encountered rarely or are repetitive and unchallenging. Even with a textbook presentation a rare condition can be missed simply because the clinicians involved did not consider it. Common conditions can be managed perfectly most of the time, but for everyone to "get it right" on every occasion is a significant challenge. Information to support clinical decision-making has been available to clinicians since the inception of medicine, but the mere availability of information does not eradicate these problems.
The evaluation of a computerised decision-support system (CDSS) generally assesses either practitioner performance or patient outcome. In a systematic review of one hundred controlled trials of CDSSs, Garg et al concluded that many improved practitioner performance, especially if the prompts from the system were generated automatically rather than requiring that users actively initiate the system 1 . Intensive Care CDSSs are often linked with electronic clinical information systems that require extensive user interaction 2 or are limited to data captured within physiological monitors 3 .
We investigated the effect on doctors' behaviour in Intensive Care of an electronic alerting system that uses multiple data sources and requires minimal user interaction.
Materials and Methods
The locally-developed rule-based expert system ("DailyRep") in daily use in the Critical Care facility of the authors' institution has been previously described 4 . It automatically produces a printed report at around 13:00 each day and copies are given to clinical and research staff. It aims to detect promptly a range of rare but important conditions which could otherwise easily be missed, to ensure complete compliance with certain repetitive patient management tasks, and to identify patients who meet inclusion criteria for current research studies.
The Chair of the Local Research Ethical Committee (LREC) confirmed that formal LREC approval was not required for this survey.
The Program and its features
The DailyRep program 4 is written in Microsoft TM Foxpro TM and is the subject of continuing development. Rules are based on diagnostic, physiological, or nursing activity data, or combinations thereof. It analyses data generated by RICP, the audit database in use in Cardiff, (Riyadh Intensive Care Program TM , Medical Associated Software House, 19 Chipperfield Park Road, Bloxham, Oxfordshire OX15 4NX), also written in Foxpro TM . It interrogates the major tables in the RICP database and also the hospital pathology database. The latter activity is specifically to detect abnormalities in red cell size and to determine whether a cortisol assay has been performed (if one is found the suggestion to perform an ACTH stimulation test is suppressed).
The alerts generated by the program during the study are shown in Table 1 :
Data collection and analysis
This study was performed to evaluate usefulness by directly asking ICU medical staff to comment on each alert in reports generated over the course of eight weeks. Junior (Senior House Officer and Specialist Registrar) and senior (Consultant) ICU doctors were asked to record specific comments on the alerts generated by the expert system. They were asked to categorise each according to a choice of three comments: "This is a useful suggestion",
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The watchful friend in the computer. An electronic alert system can check for things you may have missed and it doesn't get tired or bored "This suggestion is applicable, but has already been actioned" or "This suggestion is not useful or not applicable."
For each date and alert, the grade of doctor expressing the comment was recorded, as was a system identifier for the patient (not the hospital number) allowing identification of repeated alerts, and grouping of alerts that pertained to the same patient while removing easy patient identification during the analysis.
It proved impractical to collect responses on every consecutive day during the study period. Comments were collected for 25 of the days between 24th May 2004 and 18th July 2004, involving a spread of different days of the week including weekends. A total of 25 reports from 25 days were analysed. Data were collected on paper and transferred to Microsoft Excel ® spreadsheets for analysis.
Results
During the eight weeks of the study period there were 1615 patient-days involving 268 patients.
On the 25 days of data collection there were 713 patient-days involving 225 patients.
A total of 289 alerts generated by the DailyRep program were rated by 18 doctors (7 Consultants, 7 Senior House Officers and 4 Specialist Registrars).
Since every alert was assigned one comment, 289 comments were expressed. The majority of comments (220/289, 76.12%) were expressed by a Consultant. The remaining 69 comments were divided almost evenly into those categorised by Senior House Officers (38/289, 13.14%) and those by Specialist Registrars (31/289, 10.72%).
The perceived usefulness of the 11 different alerts varied between 0% and 87.5%. Some alerts were univocally deemed as not useful or not relevant. One had an 87.5% positive response rate, being considered useful 7 out of 8 times. Table 2 shows how all alerts were evaluated, and how many times they appeared and were commented on.
Discussion
Only alerts for which the comment choice was "This is a useful suggestion" were deemed useful: those with one of the other two comment choices were deemed not useful. This analysis may have underestimated the usefulness of the system since alerts categorised as "This suggestion is applicable, but has already been actioned" did not determine whether this action had arisen from a previous expert system report produced on a day when the survey data collection did not take place.
Alert No 1 ("Pt very oxygen dependant -consider surfactant study") collected only negative comments: it referred to a research project which was temporarily halted during the study period. These data were not removed from the statistical analysis, because the program did generate such alerts and respondents did express comments on them, but these being 9.34% of all alerts generated and commented on, their negative impact should be taken into account when judging the overall performance of the program. Alerts No 8 and 9 ("MCV high. Consider B12, folate, 10 "Now ventilated for 5-7 days: consider percutaneous tracheostomy" 11 "Now in ICU for more than 30 days: consider case conference" Table 1 :
Pabrinex ® " and "MCV low. Consider ferritin assay", respectively) were considered as the most useful (87.5% and 59.4% of cases, respectively), suggesting that in the authors' institution, when a blood count result is returned to the ICU, the MCV (mean corpuscular volume) is not routinely scrutinised. Suspicion that this was the case is the reason this rule has been included in the system.
In their systematic review of reports of CDSSs Garg et al discuss six possible explanations for their finding that one predictor of a positive result in a scientific assessment of a CDSS was that the authors of the paper also developed the electronic system 1 . This is a feature of this report (as it was in 72% of the papers included in the review). Another feature of this report is that it makes no attempt to use patient outcome as an end-point: in the same review, Garg et al concluded that the evidence concerning patient outcome in association with CDSSs was understudied and inconsistent, with most studies being insufficiently powered to study patient outcome 1 .
Conclusions
Approximately 30% (29.06%) of the 289 alerts generated on data-collection days during this study were considered useful. The DailyRep expert system generated useful suggestions in the management of 41 of the 225 patients (18.22%) present on the ICU during the study. It generated 84 management changes in 713 patient-days (11.78%).
In these suggestions, "APC" stands for Activated Protein C, "Pabrinex" refers to a multi-vitamin preparation from Link (Link Pharmaceutical Limited, Horsham,West Sussex, UK) and "Synacthen" refers to synthetic adreno-corticotrophin, ACTH, from Alliance (Alliance Pharmaceutical Ltd, Chippenham, Wiltshire, UK). 
